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Abstract 
Solvent-based Post-combustion Carbon Capture (PCC), which can reduce CO2 emissions from coal-fired power 
plants, is one of the most advanced mature Carbon Capture and Storage (CCS) technologies at present. Two problems 
limit its development. One is the output reduction of power plant due to the steam extraction from turbine. The other 
is a large amount of water consumption for the evaporation of the solution in the absorber and desorber.  
In this paper we propose an integrated system to reduce the steam extraction from turbine and to produce 
freshwater by using solar thermal energy. The new system produces more electricity and freshwater during the 
daytime, and uses the steam extraction to reduce CO2 emissions at night. A techno-economic feasibility study is 
performed as a case study for a 300 MWe coal-fired power plant assisted by solar desalination. As for the potential 
impact parameters, the local climatic conditions and CO2 capture rate are discussed. Low-cost collectors and 
desalting equipment would make the technology more cost-effective.  
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1.Introduction 
The increasing concern on global warming makes the CO2 emission reduction technology urgent in 
recent years. CO2 capture and storage (CCS) and renewable energy are considered to be important 
alternative technologies to mitigate climate change [1]. Power generation from the coal-fired power plant 
is a large single source of CO2 emissions. Currently, the new proposed technology for CO2 capture is 
ammonia-based Post-combustion Carbon Capture (PCC). Normally, the steam extracted from steam 
turbine cycles is used to provide the thermal energy to reboiler. However, the steam extraction definitely 
decreases the power generation. Solar thermal energy has the potential to partly replace the steam 
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extraction. Furthermore, electricity generation commonly accounts for a large water demand [2] and solar 
thermal energy can also be used in flash  desalination to produce potable water. The flash steam also has 
the potential to supply thermal energy for grade utilization. In this paper we propose a system to reduce 
the steam extraction and to produce freshwater by using solar thermal energy. Then the feasibility of 
solar-assisted post-combustion carbon capture integrated with desalination (S-PCC-D) is evaluated from 
both technical and economic aspects.  
2.System description 
A system sketch of the power plant with S-PCC-D is shown in Fig. 1. In the ammonia-based PCC, 
the flue gas stream from the combustor is first cooled to 0-30ć along with being cleaned of soot and 
other impurities [3]. The chilled flue gas feeds into a CO2 absorber column at 25ć. CO2 is absorbed into 
the solvent by chemical reacting and the mixed gas leaving absorber is cleaned in a water wash for 
ammonia. The CO2-rich solvent is collected at the bottom of the column. Subsequently, it is passed into a 
stripper column where the CO2-rich solvent is heated in order to reverse the CO2 absorption reactions. 
The released CO2 is compressed for transport and storage while the CO2-lean solvent is recycled to the 
absorber. The thermal energy required by reboiler can be supported by either flash steam or extracted 
steam, and the thermal energy required by desalination can be supported by either solar energy or 
extracted steam. During sunshine time, the sea or brackish water is first preheated at the heat exchangers, 
then is heated to a temperature of ~110ć at 2bar in the collectors, finally is used to generate steam at 0.5-
1bar in the flash tank [4]. The flash steam goes into stripper reboiler and provides the required energy for 
solvent regeneration. Then the flash steam is passed to a condenser where it gets condensed and 
desalinated water is obtained. Solar energy will supply the energy based on availability and the rest 
thermal demand is met conventionally by bleeding steam from the steam turbine circuit. 
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Fig. 1. System sketch of  S-PCC-D                                          Fig. 2. Monthly parameters of weather and output  
3.Feasibility assessment methodology 
The critical operational parameters for the system design are the CO2 recovery ratio and climatic 
condition. Technical feasibility and economic costs are evaluated based on a 300MWe coal power plant 
with ammonia-based PCC [5]. We assumed only solar energy provides the energy for desalination during 
the sunshine time, and bleeding steam supplies the energy for solvent regeneration at night. The design 
parameters of S-PCC-D including capacities and capital costs are summarized in Table 1. The detailed 
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climatic conditions are of importance to the feasibility study. Monthly climatic conditions of Alice 
Springs, including the monthly ambient temperature ,the monthly average sunshine hours and the monthly 
direct normal solar irradiation, are shown in Fig.2. 
Table 1. Technical and economical parameters of S-PCC-D.  
Technical parameters Value Economical parameters  Value 
Power plant capacity (MWe) 300 Project life (years) 25 
Power plant auxiliaries 
consumption (MWe) 
17.05 Construction period (years) 3 
Carbon capture unit auxiliaries 
consumption (MWe) 
23.03 The cost of solar field installation 
(% of  collectors’ investment) 
50 
Capacity reduction due to PCC 
(MWe) 
22.13 Maintenance cost (% of fixed 
capital investment) 
4 
Capture technology Ammonia Equipment salvage value 0 
Specific reboiler duty (Gj/ton) 1.67 Interest rate (%) 6 
Removal of CO2 (%) 90 Total specific investment of 
power plant (USD/kW) 
1332.8 
The type of solar collector Compound parabolic Price of coal (USD/ton) 95 
Vaporizing fraction (%) 4.96 Total cost of PCC (% of power 
plant investment) 
36.3 
Flash vaporization pressure (bar) 0.5 Plant operating (h/year) 8060 
Coal consumption (ton/h) 98 Price of collectors (USD/m2) 185 
Consumption of desalination 
(kWh/m3) 
3.5 Total specific investment of 
desalination (USD/ m3/d) 
1098.4 
Capacity of desalination (m3/d) 3000 Water price (USD/ m3) 3 (0.49-6.70) 
The solar collector eƥciency ¨Solar can be obtained based on the performance curve using the solar 
irradiance I, mean collector temperature Tf and ambient temperature Ta. The curve used for parabolic 
trough collectors is expressed as shown in Eq. (1) [6]. In the parameters, ¨0 is 0.75, ¢1 is 0.11232W/m2
ć, ¢2 is 0.00128 W/m2ć2. 
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The cost estimation is conducted with special focuses on the levelized costs of electricity (LCOE) 
and the cost of CO2 avoidance (COA) [1]. The LCOE is a widely used tool for comparing the unit costs of 
different technologies over their economic life. The calculation equations are shown as follow: 
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Where Investmentt, investment costs in year “t”; OMt, operations and maintenance costs in year “t”; 
Fuelt, fuel costs in year “t”; Watert, the annual revenues from water in year “t”; Decommissioningt, 
decommissioning cost in year “t”, Decommissioningt are in this paper assumed to be zero; Electricityt, the 
amount of electricity produced in year “t”; The factor (1 + R)-t stands for the discount factor for year “t”. 
Based on the information given in Table 1, LCOE and COA of the power plant with S-PCC-D can be 
evaluated. 
4.Results and summary  
With the assistance of solar energy, more power can be generated and fresh water can be produced 
as a by-product in this system, compared with those of the reference plant with conventional PCC. The 
monthly water yield, monthly power generation and monthly CO2 reduction are showed in Fig.2. 
Compared to the reference plant with PCC, the power capacity is improved from 237.8MWe to 
259.7MWe. The water production and CO2 reduction during sunshine time are determined by local 
climatic conditions. If a month has higher solar irradiation, longer sunshine hours and higher ambient 
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temperature, it will have higher water production and CO2 reduction during sunshine time, because fresh 
water provides the energy for solvent regeneration.  
Table 2. LCOE and COA at different CO2 recovery ratios. 
CO2 recovery ratio 50% 60% 70% 80% 90% 
LCOE (USD/kWh) 0.0803 0.0826 0.0851 0.0877 0.0903 
COA (USD/ton) 46.719 42.918 40.153 38.038 36.850 
LCOE and COA are estimated for S-PCC-D and the calculated results for different CO2 recovery 
ratios are shown in Table 2. The LCOE of the reference plant without PCC is 0.059USD/kWh. Generally, 
LCOE and COA change in the opposite trends when the CO2 recovery ratio varies. The increase of CO2 
recovery ratio implies more CO2 can be captured during sunshine time. That is to say, more thermal 
energy is required for solvent regeneration, resulting in a larger area of solar collector and a larger 
capacity of desalination. They increase the cost of investment and maintenance, resulting in an increased 
LCOE; the decrease of CO2 recovery ratio implies less CO2 can be captured, however, the cost of 
equipment investment does not reduce at initial stage, resulting in an increased COA.  
Because of supplying “solar” steam is a means to increase the output of the steam turbine, S-PCC-D 
is one of the most appealing points of integrating solar energy into the power plant. Taking both CO2 
reduction and power generation into consideration, it may be an attractive way to reduce the emission of 
CO2. However, the performance of this system is largely affected by the climatic conditions and CO2 
recovery ratio. Since the integrated system raises the cost of electricity, it was found that low cost of 
collectors and equipment of desalination would make the system more feasible.  
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